Coastal lagoons and estuaries provide critical ecosystem goods and services to society and the majority of the world's population live in coastal regions (Bianchi et al. 1999; Bianchi 2007; McGranahan et al. 2007; Michael and Paerl 2010) . However, population growth, land and water use alteration, and habitat fragmentation in connecting coastal watersheds reduce the productivity and health of the coastal environment (Day et al. 2007; . A detailed analysis of coastal systems, ecological dynamics, and carrying capacity is needed to avoid further ecological damage that would endanger human economic and functional dependence on these valuable ecosystems . Understanding the ecogeomorphology and biogeochemistry of coastal regions requires the consideration of humans as agents of change Hopkinson et al. 2008; Bauer et al. 2013) .
The Mexican coastal zone encompasses complex geomorphological settings along a 11,600 km coastline (RiveraArriaga and Villalobos 2001) that interacts with a wide continental shelf (500,000 km 2 ), particularly in the Gulf of Mexico (Rivera-Arriaga and Villalobos 2001; Yañez-Arancibia and Day 2004b; Yañez-Arancibia et al. 2013 ) and the Gulf of California (Lluch-Cota et al. 2007 ). Landforms along both the Pacific and Gulf of Mexico coasts are widely diverse due to their geological history and include reef coasts, sedimentary basins, karstic environments, and volcanic/tectonic rocky coasts . Despite Mexico's extensive area of estuaries (16,000 km 2 ) and coastal lagoons (12,500 km 2 ) (Ortiz- Lozano et al. 2005) , there is limited information about the hydrology and hydrodynamic patterns of these systems, including changes associated with human activities (Rivera-Arriaga and Villalobos 2001). Major human activities altering coastal hydrological patterns in Mexico include road construction, urban development, coastal tourism, and oil and gas exploration (Ruiz-Luna and BerlangaRobles 2003; Murray 2007; Vidal and Filograsso 2008) . These alterations may lead to increased water residence times that exacerbate eutrophic conditions in coastal waters already affected by agricultural activities (i.e., fertilizers) and untreated sewage loads (e.g., Paez-Osuna et al. 1998; Ahrens et al. 2008) .
The sustainability of economic development in Mexican coastal regions is strongly affected by extensive watersheds, particularly in the Gulf of Mexico (Lozano et al. 2000; Sanchez-Gil et al. 2004; Cruz and McLaughlin 2008; YanezArancibia et al. 2013) , where discharge from the four largest rivers in the country (Grijalva-Usumacinta, Papaloapan, Coatzacoalcos, and Pánuco; total discharge 208,621 × 10 6 m 3 year
) (NWCM-CONAGUA 2008) delivers sediment and nutrients that control coastal productivity (e.g., fisheries and aquaculture) (Espinoza-Tenorio et al. 2011 ) and supports hydroelectric power generation (NWCM-CONAGUA 2008) . Riverine discharge subjects estuarine and coastal areas to nutrient enrichment and hydrocarbon and pesticide pollution from surface water runoff, atmospheric deposition, and groundwater discharges . The Mexican coastline plays a critical role in the country's economy. However, it is not clear what the net response of these coastal ecosystems will be to multiple stressors, from human caused perturbations (e.g., land use, nutrient enrichment, and pollution) (Sanchez-Gil et al. 2004; Ortiz-Lozano et al. 2005 ) to short-term episodic events such as hurricanes and long-term climate change. (Ortiz-Lozano et al. 2005; Adger et al. 2005b; Adger 2006; Rivera-Arriaga and Villalobos-Zapata 2005; Lluch-Cota et al. 2007; Vidal and Filograsso 2008; Espinoza-Tenorio et al. 2011; CalderonAguilera et al. 2012; Jauregui 2003) .
River discharge is a major driver of ecological and biogeochemical processes in estuarine systems in temperate latitudes (Bianchi 2007 ), yet coastal lagoons and estuaries in Mexico occur in a variety of climates, ranging from arid to humid tropical (Yañez-Arancibia et al. 2013 ) that significantly affect hydrology and water storage (Contreras-Espinosa and Warner 2004; Carrillo-Rivera et al. 2008; Gonzalez-Zamorano et al. 2013) . Indeed, drivers such as intense solar radiation, evaporation, inverse and reversing density gradients, torrential rain, coastal upwelling, and groundwater discharges favor a range of interacting physical and biogeochemical processes in coastal Mexican ecosystems that are not typically present in temperate estuaries (Ortiz-Lozano et al. 2005; Rivera-Monroy et al. 2011) .
Papers included in this special feature address biogeochemical and physical responses to a range of climate conditions allowing the evaluation of the vulnerability of coastal ecosystems in Mexico to both natural and increasing human impacts. This special feature results from the presentations in the session "Coastal Lagoons and Estuaries in Mexico: Processes and Vulnerability" at the 21st Biennial Conference of CERF held at Daytona Beach, Florida on November 7, 2011.
Despite the multiple efforts to synthesize information about ecosystem health in Mexican coastal ecosystems, progress is limited by the lack of data on a number of coastal processes including nutrient cycling and primary productivity, hydrodynamic patterns, and large-scale climate disturbances such as tropical cyclones (Ortiz-Lozano et al. 2005) . In this section, we include six articles that address these environmental processes across a wide range of spatial and temporal scales. Two papers determine water circulation patterns and water residence times in coastal regions with contrasting hydrological conditions and geomorphological settings, represented by the Baja California and Yucatan peninsulas. Indeed, one study evaluates the current velocity profiles of Bahia Concepcion, a semiarid bay (average depth: 20 m) located along the western coastline of the Baja California Peninsula, which exchanges water with the highly productive Gulf of California (Lluch-Cota et al. 2007) . Only a few studies have evaluated specific mechanisms responsible for observed wind-driven circulation patterns, which were modified by variable bathymetry in semi-enclosed basins in subtropical and tropical regions in coastal Mexican systems (Winant et al., 2014) . The maximum water column stratifications measured in a cross section of Bahia Concepcion ranged from 3 to 4°C m −1 throughout the study period and were influenced by winddriven flows. Low-pass filtered flows showed more complicated structures than those predicted from theory. Furthermore, a cyclonic recirculation observed during unstratified conditions persisted below the thermocline during the stratified season. This recirculation is apparently caused by a relatively flat bathymetry and is influenced by advective accelerations. One major conclusion from this work is that although the dominant complex empirical orthogonal velocity was vertically sheared for most of the cross section, it explained only ∼33 % of the observed variability; in fact, all circulation modes displayed a rich spatial structure with vertical and lateral variations. These results underscore new challenges to the modeling of wind-driven stratified flows in semi-enclosed basins.
Similar to the work by Winant et al. (2014) , Medina et al. (2014) evaluated how wind and tidal forcing, which influence hydrodynamics, control the water balance and landscape water level pattern in Bahia de la Ascencion (BA), located in the Yucatan Peninsula. Certainly, the Yucatan (Gulf of Mexico coast) and the Baja California (Pacific coast) peninsulas differ geologically; the Pacific coast is composed of metamorphic rocks (Paleozoic) partially as a result of the subduction of the Cocos Plate beneath the North American Plate resulting in terrain elevations of up to 2000 m (e.g., Sierra Madre del Sur) along the Pacific coast (south of 21°N) (Farfan et al. 2014) . In contrast, the Yucatan Peninsula is characterized by limestone, clastic, and coastal alluvial rocks of different geological ages. Thus, Bahia de la Ascencion is a flooded karst depression with a maximum depth of 6.8 m. In this coastal body, 16 % of the rain falling over the entire BA drainage basin became groundwater discharge and surface runoff during the dry season; in contrast, during the rainy season, 68 % of the precipitation input to the drainage basin was supplied through groundwater-surface runoff to the bay (Medina et al. 2014 ). This contrasting seasonal freshwater supply into the BA was reflected in the mesohaline conditions in the southwest bay while saline water masses (a horizontal SW-NE estuarine salinity gradient) in the inlet were influenced by prevalent SE winds and tidal phase.
In addition to limited information on hydrography and hydrodynamics in Bahia de la Ascencion, information is lacking on water quality spatial patterns (Medina et al. 2014) . This information gap is relevant from the management point of view, given the increasing development of the tourism industry in Mexican Caribbean coastal areas, where the compounded effects of fresh water demand/consumption and inadequate management of wastewater represent a current threat to the ecological properties of these oligotrophic coastal systems. This threat to the sustainability of coastal ecosystems resulting from increasing eutrophication is not unique to the Mexican Caribbean. As one example, eutrophication is also a major problem in the Pacific Northwestern region. Nitrogen dynamics operate differently in the subtropical Tóbari estuary than in many temperate estuaries, where nitrification-denitrification is a "sink" for nitrogen and helps ameliorate the impacts of excess nitrogen inputs into coastal zones (Beman 2014) . The Tóbari estuary, located in the Yaqui Valley, is influenced by intensive agriculture, with a total N flux estimated at 10 6 kg N year −1
. Nitrification and denitrification potentials and the abundances of archaeal ammonia monooxygenase (amoA) and bacterial nitrite reductase (nirS) genes were compared in sediments across five sites (sediments) in the estuary. Bacterial nirS genes outnumbered archaeal amoA genes significantly (3-to 49-fold) and were more abundant in the northern part of the estuary. Although amoA abundance was related inversely to ambient temperature, neither amoA nor nirS were correlated with nitrification or denitrification potentials. Nitrification appears to be limited within subtropical estuarine sediments, especially under heavy loads of inorganic nitrogen into the coastal zone. Unfortunately, comparative N cycling studies among Mexican coastal ecosystems are lacking; thus, studies similar to the one of Beman are needed to evaluate how excess inorganic nutrients are metabolized in coastal regions. Such results are needed for the development of appropriate management plans.
Another study assessing eutrophication conditions in tropical coastal waters involved using an in situ microcosm approach (e.g., Varona-Cordero et al. 2014) to determine the response of phytoplankton to a range of inorganic nitrogen (N), phophorus (P), and silica (Si) additions to the highly eutrophic La Mancha lagoon in the Gulf of Mexico; inorganic phosphorus concentrations at this site can reach 9 μM. N, P, and Si were added in various combinations to enclosed water columns during the dry season and the phytoplankton community response was followed. Phytoplankton composition shifted from a community initially dominated by dinoflagellates (e.g., Prorocentrum spp.) to one dominated by diatoms (Thalassiosira spp. and Nitzschia longissima) when the concentration of water column DIN increased twofold over that initially observed, following a nutrient amendment (ratio of N:P of 16). Despite the chronic eutrophic conditions in La Mancha lagoon, this study reveals that the lagoon is N-limited during the dry season and provides evidence of successional patterns and mechanisms regulating phytoplankton growth rates and diversity. These results show that diatoms in La Mancha lagoon are highly competitive due to fast nutrient assimilation rates; thus, these species are positioned towards the end of the "Mandala" succession model (Margalef et al. 1979 ) and could be considered as velocity specialists (Sommer 1985) . Despite the utility of nutrient-enrichment experiments, most previous studies of nutrient enrichment on phytoplankton growth and community structure were performed in temperate latitudes and rarely in tropical regions, particularly in the neotropics (Varona-Cordero et al. 2014) .
In contrast to the eutrophic environmental conditions in La Mancha lagoon, a hydrogeochemical study in an oligotrophic coastal lagoon located in the northwestern Yucatan Peninsula partitioned sources of water to the system (Stalker et al. 2014 ). This region is highly karstic in nature with extensive secondary porosity produced by dissolution from both acidic precipitation infiltration and from the movement and chemistry of the saltwater-freshwater mixing zone. The Yucatan Peninsula is distinguished by a lack of surface water systems (i.e., rivers) but groundwater discharge to the coastline and estuaries is conspicuous (Carrillo-Rivera et al. 2008; Perry et al. 2009 ). Few published studies quantify the contribution of these groundwater inputs to the Yucatan coastal region (Stalker et al. 2014) . Salinity and geochemical tracers (δ 18 O-and strontium) helped discern the sources of water to Celestún lagoon. Two dominant sources of water were identified: brackish groundwater in the northern lagoon and seawater from the south western Gulf of Mexico, which together represent 80 % of the water inputs. A clear spatial distribution in the isotopic signatures was observed. A third source, the fresh "local" groundwater end-member, was the least dominant of the three major sources, but was present in all samples; its geochemical composition suggested short flow paths. The δ
18
O spatial distribution indicated freshwater discharge along the entire eastern boundary of the lagoon where mangrove wetlands are the dominant vegetation sites. The increased human development both inland and at the town of Celestun has resulted in increased extraction of freshwater resources and may change the water budgets in Celestún lagoon.
Further sampling is necessary in the Celestún lagoon to capture the potential differences in isotopic signatures reflecting the contribution of precipitation to the total water budget because the two samplings occurred under dry conditions (Stalker et al. 2014) . Despite the uncertainty in identifying seasonal differences in water sources, the authors show that their geochemical approach to construct water budgets in karstic environments is robust, and its application to other coastal estuarine systems in the region would allow the development of an overall hydrologic budget for the Yucatan Peninsula. They suggest that the simultaneous mixing equations used in their calculations may be useful with other tracers and inputs for coastal systems with different lithologies and water sources.
Understanding the role of pulsing climatic events such as tropical storms and hurricanes in altering seasonal precipitation patterns and therefore overall water budgets in the Yucatan Peninsula coastal region is needed (Stalker e al. 2014) . The impact of large scale disturbances on the spatial distribution of precipitation and coastal chlorophyll a concentrations (as a proxy for primary productivity) is analyzed in this issue, particularly in the case of the Baja California and Yucatán Peninsulas, which encapsulate extensive areas of the Mexican coastline (Farfan et al. 2014 ). Patterns of landfall activity of tropical cyclones (TCs) were assessed from 1970 to 2010, and high landfall frequency was identified along the Mexican east and west coasts (Farfan et al. 2014) . Linkages between TC strength and the intensity of precipitation and chlorophyll a spatial variability after TC passage were also evaluated. The authors identified 1065 named TCs with a wide diversity of tracks; the highest number of landfalls were registered in the states of Baja California Sur and Sinaloa on the west coast and Quintana Roo on the east coast. This spatial pattern of TC landfalls on the Mexican coastline from both the Atlantic and the eastern Pacific basins is unique in tropical and subtropical latitudes since the eastern Pacific TCs solely impact the western coast whereas the Atlantic TCs only impact the eastern coast of Mexico. Based on the 20 highest precipitation events at TC landfalls on the east and west coasts of Mexico, TC contributions to annual rainfall were higher along the west coast (64-172 %) than on the east coast (31-71 %) (Farfan et al. 2014) . Furthermore, six of the 20-year accumulation events analyzed in the study contributed more than 100 % of the long-term mean annual precipitation during passage through Baja California Sur. The increases in chlorophyll a values following TC landfalls in the Baja California and Yucatán Peninsulas were linked to TC strength, intensity of precipitation, spatial scales of the two peninsulas, and the relative movement of the TCs. Although the relationship between river discharge and nutrient loading was not measured directly, their study underscores the significant role of TCs in controlling not only coastal primary productivity (chlorophyll a) during short periods of time after hurricane impact.
The long-term analysis of frequencies, trajectories, and landings of TCs that impact Mexico's Gulf of Mexico, Caribbean Sea, and Pacific Ocean coastlines highlights the strong impact of natural large-scale disturbances on the climate, weather, hydrology, and coastal aquatic primary productivity, among other geophysical and ecological processes (Farfan et al. 2014) . This observation underscores the need to continue assessing the degree of vulnerability of Mexican coastal ecosystems as natural and human disturbances interact at different spatial scales under climate change.
The definition of vulnerability as "the degree of which a system, subsystem, or system component is likely to experience harm due to exposure to a hazard, either a perturbation or stress/stressor" (Turner et al. 2003a ) has evolved into complex conceptual frameworks during the last 10 years, as it is recognized that the best approach to understand, ameliorate, and manage ecosystems is by the use of an integrated socioecosystem approach (Turner et al. 2003b; Adger et al. 2005a, b; Gallopin 2006; Nelson et al. 2007; Turner 2010; Collins et al. 2011) . The identification of the conceptual relationships among vulnerability, resilience, and adaptive capacity in the management of Mexican coastal ecosystems is currently lacking (Bezaury-Creel 2005; Seingier et al. 2011) , particularly in the context of global climate change including increases in temperature and sea level (McGranahan et al. 2007 ). This gap in the availability of data, information, and models is not surprising given the absence of comparative regional studies (Rivera-Monroy et al. 2008; Vidal and Filograsso 2008) , for example, on the influence of TCs in controlling water resource availability and their effect on nutrient and carbon cycling in the coastal zone (Ahrens et al. 2008; Seingier et al. 2011) or the economic impact of eutrophication on the sustainability of ecosystems services provided by coastal wetlands (e.g., Contreras-Espinosa and Warner 2004; Camacho-Valdez et al. 2013 ) such as commercial fisheries (Yanez-Arancibia and Day 2004a; Aburto-Oropeza et al. 2008; Martínez Arroyo et al. 2011; Aguilar Ibarra et al. 2013) . We foresee the contribution of the six papers included in this special section as a step in both closing the knowledge gap and the development of an integrated research agenda for the implementation of long-term socio-ecological studies (Burgos et al. 2007; Jardel et al. 2013 ) in estuaries and tropical lagoons, not only in Mexico, but also in other tropical latitudes.
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